Introduction
============

Recommendations to integrate basic and clinical sciences throughout the undergraduate medical education (UME) experience have reached near-consensus.[@b1-amep-9-739],[@b2-amep-9-739] Empirical evidence supports the notion that content integration can improve diagnostic skills in early learners[@b3-amep-9-739] and promote knowledge transfer.[@b4-amep-9-739],[@b5-amep-9-739] The drive for curricular reform also calls for the use of more active learning pedagogies,[@b6-amep-9-739],[@b7-amep-9-739] and some UME curricula have married these two recommendations to present integrated content through active learning instructional techniques.[@b8-amep-9-739] Active learning pedagogies are often rooted in the educational theory of constructivism, which at its core has four tenets:[@b9-amep-9-739] (1) knowledge cannot be passively transferred from teacher to student, rather students construct their own meaning from the information being taught; (2) a student's prior knowledge provides a scaffold upon which new learning is built; (3) social interaction facilitates learning; and (4) authentic tasks provide a platform for meaningful learning.[@b10-amep-9-739] These tenets intersect with adult learning theory, as an essential pillar of andragogy[@b11-amep-9-739] posits that adults learn best when content (in this case, basic science) can be applied immediately to a real-life situation (e.g., patient care).

Although there is a general agreement among medical educators that content integration and active learning pedagogies are beneficial, there is no consensus on how integration should be accomplished or what pedagogies are truly effective.[@b6-amep-9-739],[@b12-amep-9-739] Throughout these discussions, a commonly overlooked issue is the need for basic scientists and clinicians to work together to communicate the importance of both disciplines, model productive collaboration,[@b13-amep-9-739] and demonstrate the scientific underpinnings of medicine and its role in clinical reasoning.[@b14-amep-9-739] One very straightforward approach to meeting this goal is team-teaching. Among the three most commonly used models of team-teaching used in higher education, rotational team-teaching is most frequently adopted.[@b15-amep-9-739] Rotational team-teaching involves one or more individuals planning learning sessions delivered independently by different instructors; this describes the role of a course director and is not our focus. The other two models involve two or more instructors occupying the same teaching space during a single lecture or active learning session. In the participant-- observer co-teaching model, multiple instructors (typically two) are present during class time, but take turns teaching in a lecture format. To accomplish both content integration and active learning, we have adopted the interactive co-teaching model, in which two or more instructors, each with distinct expertise, present complementary content together while engaging students in active problem solving and discussion.[@b16-amep-9-739]

Interactive co-teaching is time-consuming, as it requires a great deal of collaborative planning by instructors,[@b15-amep-9-739],[@b17-amep-9-739] some of whom may feel it limits their autonomy.[@b13-amep-9-739] This may explain its limited use in higher education, where it was introduced in the 1960s. Within a decade, it fell into disfavor largely because challenges in orchestrating and executing such sessions were thought to exceed any perceived benefit. More recently, reports of co-teaching have reemerged at the undergraduate college level as instructors seek to integrate content in allied health professions[@b13-amep-9-739],[@b18-amep-9-739] and quantitative biology in a laboratory setting.[@b19-amep-9-739] Crow and Smith[@b13-amep-9-739] describe interactive co-teaching in a course that integrates wellness and social welfare. This qualitative study concludes that as compared to solo-teaching, students were more "actively engaged in synthesis and evaluation" of knowledge in co-teaching.

At the graduate level, reports of co-teaching are largely confined to business schools, although the Integrated Graduate Program in Physical and Engineering Biology at Yale University has adopted a co-teaching approach to a primary literature-based seminar course. In this setting, 97% of students agree that co-teaching including faculty with complementary expertise "is a successful method for enhancing communication skills across disciplines".[@b20-amep-9-739] Among MBA students, Higgins and Litzenberg[@b15-amep-9-739] assessed student perceptions of interactive co-teaching in an upper-division marketing course. Although acknowledging the challenges co-teaching can present, these authors find that more than 80% of respondents report that the co-taught course positively impacted their depth of content knowledge, interest in the content, perspective on teamwork, and overall learning.

Shared planning and teaching is described in the seminal paper of Harden[@b21-amep-9-739] as step six on the integration ladder, and co-teaching has been suggested as a means to integrate medical school curricular content.[@b2-amep-9-739],[@b22-amep-9-739] However, there is limited evidence of its use in lecture-based medical education.[@b17-amep-9-739] Co-teaching in UME appears to be most commonly used in small groups of learners, where it is applied to problem-based and team-based learning sessions,[@b23-amep-9-739]--[@b25-amep-9-739] or as a means to integrate basic science during third- and fourth-year clerkships.[@b26-amep-9-739] These studies report student perceptions, and in all cases, a majority of students agree that co-teaching enhanced their ability to apply basic science to clinically relevant problems.

We have found few studies describing interactive co-teaching in UME that pair a basic scientist and a clinician in an active large group or lecture format. Further, we could find none in any discipline or at any level of instruction that report the impact of co-teaching on student outcomes. Here, we describe the use of interactive co-teaching using a guided inquiry instructional method,[@b27-amep-9-739] whereby students were provided real-world problems that triggered active discussion between students and two expert instructors. The purpose of our study was threefold: (1) to determine if students perceive interactive co-teaching as an effective pedagogy for the integration of basic and clinical sciences; (2) to assess the effect of co-teaching on student assessment outcomes; and (3) to use our experience combined with student feedback to provide lessons learned to others who might consider this pedagogy.

Methods
=======

Setting and participants
------------------------

This study took place in the fall of 2015 and 2016 within a required second-year undergraduate immunology/microbiology course called "Interacting with the Environment" (IE) at the Donald and Barbara Zucker School of Medicine at Hofstra/Northwell (Zucker SOM). In 2015, 98 students were enrolled; in 2016, there were 99 students. Each class had slightly more women than men (53% and 52% women in 2015 and 2016, respectively). The average age of the students in both classes was 24 years (SD=1.9 in 2015, SD=2.6 in 2016). Proportion and mean difference tests were conducted for demographic characteristics in the two classes; no differences were observed in gender, undergraduate and graduate degrees, age, and duration between undergraduate and medical school. The goals, learning objectives, and faculty were the same for all lectures, which we more accurately refer to as large-group sessions, for both years of the study. All student responses to surveys were therefore combined into a large sample consisting of 197 students, whereas outcomes data were calculated separately for each class because there were no common items in the examinations given in 2015 and 2016. The institutional review board of Hofstra University determined this study to be exempt from review.

Course context
--------------

The IE course was first taught in 2012, when our inaugural class reached its second year. Based on student and faculty feedback, the course was extensively revised in 2013. Since that time, the course consistently received overall positive student and faculty evaluations; however, we continue to refine content delivery. As part of this effort, co-teaching was first used in 2014, the year prior to this study.

The microbiology/infectious disease portion of the IE course consisted of seven weeks of instruction followed by one week of examinations. Each year included six hours per week of case/problem-based learning in a small group format that was student-driven (facilitators guided process, not content), and four to six hours per week of interactive large-group sessions that covered the mechanisms of health, disease, and intervention. All solo- and co-taught large-group sessions involved the entire class and were 50 or 100 minutes in duration. Zucker SOM places a strong emphasis on learner engagement, and all students were expected to attend all sessions well prepared and ready to participate. To that end, all afternoons were available for self-directed learning with the exception of one afternoon per week, when students were paired with clinical preceptors in a community pediatrics practice. Additional learning experiences (not part of this study) included the following: a three-hour session in which small teams of students explored cases in a clinical diagnostics laboratory facilitated by either a microbiologist or an infectious disease physician and four, two-hour, case-based small-group sessions with a quizzing-based format. These sessions were student-driven, and facilitated by clinicians and microbiologists. All learning sessions described above were mandatory.

Solo- and co-teaching pedagogy
------------------------------

As a matter of policy, all instructors received faculty development that focused on developing and facilitating questions to promote student engagement through Socratic questioning[@b28-amep-9-739] and other techniques. Students were introduced to the interactive nature of Zucker SOM large-group sessions very early in the first year of medical school and therefore expected facilitated discussion in all such sessions. Although large-group sessions occurred in a lecture hall, microphones built into desktops served to amplify students' questions and comments. A variety of techniques were used to ensure broad student participation. Examples include "pair and share", breakout groups of three to five students, and the use of audience response or "clicker" systems (solo-teaching only). Students were encouraged to ask questions, and instructors were practiced at using student inquiries as "teachable moments" to engage the entire class. The volume of preparation, in the form of reading, short videos, and podcasts, was similar for solo- and co-taught sessions.

Instructors included four clinicians and two basic scientists. The distribution of solo- and co-teaching is presented in [Table 1](#t1-amep-9-739){ref-type="table"}. A microbiologist led the majority of solo-taught sessions. The same microbiologist and a single clinician led the majority of co-taught sessions. All solo-taught sessions led by a scientist were organized around fundamental principles (e.g., bacterial metabolism), whereas solo-taught sessions led by a clinician were case-based and focused on a specific type of infectious disease category (e.g., neonatal infections). All solo-taught large-group sessions were interactive, based on the principles of Socratic questioning,[@b28-amep-9-739] although some scientist-led sessions also included hands-on activities.

Instructors developed solo-taught sessions independently. By contrast, all co-taught sessions were developed collaboratively by the presenting scientist and the clinician and followed a similar format. The clinician began with a brief case presentation, and students were asked what else they needed to know (e.g., travel history, specific labs) to develop a differential diagnosis confined to an infectious disease. This allowed students reflect on what they already knew, identify and discuss the gaps in their knowledge, and develop ideas about problem solving. As the students narrowed their differential diagnosis, the clinician guided the students through diagnostic decision-making steps. Using similar interactive pedagogical methods alongside the clinician, the microbiologist facilitated a discussion focusing on the microbiology of the causative infectious agent and the rationale for specific microbiological tests. Students were then asked to hypothesize how best to treat the patient, and the faculty continued joint discussion of the physiological and microbiological rationale for interventions. Both the clinician and the scientist provided their perspective in responding to questions and helped steer the discussion to cover predetermined content. Thus, all sessions included both clinician-led and scientist-led interactions with students, as well as clinician--scientist interactions and clinician--scientist--student discussion. Using this approach, both instructors facilitated the discussion of the clinical presentation, diagnosis, treatment, as well as microbiological principles of an infection disease.

Assessment methodology
----------------------

In an effort to assess the impact of co-teaching, three different types of data were collected: (1) at the conclusion of each solo- and co-taught sessions, students were asked to evaluate the teaching performance of each instructor; (2) student perceptions regarding solo- as compared to co-teaching were surveyed at the conclusion of the IE course; and (3) assessment outcomes for test items derived from solo-taught sessions were compared to those from co-taught sessions. These three approaches are discussed below in more detail.

Teaching evaluations
--------------------

To determine if students perceived the teaching performance differently among the individual instructors, teaching evaluations were distributed following the solo- and co-taught sessions. For co-taught sessions, students completed two separate teaching evaluations, one for each faculty member. This instrument consisted of seven questions anchored to a five-point Likert scale that queried the value of the required prework, instructor's verbal and nonverbal communication, organization, the use of thought-provoking questions to promote student learning, and the tone of the learning environment ([Figure S1](#SD1-amep-9-739){ref-type="supplementary-material"}). The completion of teaching evaluations by students is a required element for successfully passing the administrative component of all Zucker SOM courses.

Student perception of solo- as compared to co-teaching
------------------------------------------------------

To assess student perceptions of co-teaching as compared to solo-teaching, participants were invited to voluntarily complete a brief survey regarding their attitudes toward these presentation types at the conclusion of the course ([Figure S2](#SD2-amep-9-739){ref-type="supplementary-material"}). The response rates were 67% (n=66) in 2015 and 57% (n=56) in 2016, with an overall survey response rate of 62% (n=122). Using items anchored to a five-point Likert scale, students were asked to rank their satisfaction with the overall learning environment, their understanding of content, and their perceived ability to retain and apply content. Analysis of student responses to both the teaching performance and solo-/co-teaching instruments was performed using nonparametric tests for mean comparison*.* Several open-ended questions were also included ([Figure S2](#SD2-amep-9-739){ref-type="supplementary-material"}). Two researchers performed inductive thematic analysis; open coding of comments was conducted, and preliminary themes were reconciled to establish the final themes.[@b29-amep-9-739] Final content analysis was performed using QSR International's NVivo 11 software (QSR International, Doncaster, VIC, Australia).

### Student outcomes analysis

The impact of solo- and co-teaching on student outcomes as assessed by final examinations held in 2015 and 2016 was also analyzed. All summative examinations at Zucker SOM are essay-based. Final essay exams consisted of 11 brief clinical scenarios, each with two to seven associated short-answer essay questions. Although the examinations were not identical in each year of the study, the same content was assessed. Each year's examination consisted of 38 questions. The learning session during which the content was delivered was determined for each question; a subset of questions judged to be unequivocally based on content delivered during either co- or solo-taught sessions were used for analysis. Questions were mapped using Bloom's taxonomy to one of three categories: foundational knowledge, application, or problem solving (synthesis). There were five first-order questions in the solo-teaching category and six in the co-teaching, ten and eleven application questions in the solo- and co-teaching category, respectively, and three and two problem-solving questions in the solo- and co-teaching category, respectively. The course directors vetted all exam questions, ideal answers, and rubrics. Questions were worth between one and three points, and care was taken to specifically delineate what constituted full, partial, or zero credit. During the grading process, all student identities were anonymous. To eliminate inter-rater variability, one faculty member graded all responses to his/her assigned questions.

In order to control for item difficulty, the one-parameter item response theory model was used for item calibration and assessment of student ability (*q*). Item difficulties were first estimated using marginal maximum likelihood estimation. Then, each individual student's ability (*q*) was estimated using the maximum a posteriori scoring method. Finally, the mean and sigma equating method was used to compare the two groups of questions.[@b30-amep-9-739] This statistical analysis is of higher validity than simply comparing the mean scores for the items from solo- vs. co-taught session, given that individual items may have differed in difficulty levels. All analyses were conducted using R statistical software, version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria) and MATLAB, version R2017a (The MathWorks, Inc., Natick, MA, USA).

Results
=======

To determine if student perception of teaching performance might influence students' views on solo- and co-teaching, students completed teaching evaluations for all instructors involved in this study. No significant difference in teaching performance among instructors was found. Additionally, no statistically significant difference was found when teaching performance evaluations were categorized as solo- or co-taught ([Table S1](#SD3-amep-9-739){ref-type="supplementary-material"}).

On the other hand, when asked to consider the type of instructor and pedagogy (solo-clinician, solo-basic scientist, or co-teaching by both), student perception was significantly different for sessions taught by a clinician, a scientist, or a scientist--clinician pair ([Figure 1](#f1-amep-9-739){ref-type="fig"}). This was verified by applying a Mann--Whitney--Wilcoxon test (solo- and co-teaching comparison) and Kruskal--Wallis test (scientist solo-, clinician solo-, and co-teaching comparison), which determined the mean rank difference between the instructional models ([Table 2](#t2-amep-9-739){ref-type="table"}). When specifically asked to compare solo- and co-teaching as pedagogies, a significant majority of students (81%, n=99) agreed or strongly agreed that co-teaching improved their overall learning experience, engagement, ability to apply content, understanding of clinical science, and the connection between basic and clinical sciences ([Figure 1](#f1-amep-9-739){ref-type="fig"}). Only the ability to understand basic science was reported as being more effective when delivered by a single instructor, a basic scientist. Interestingly, there was no preference for solo- or co-teaching in terms of content retention.

In addition to the Likert-scale items, students were asked several open-ended questions that were analyzed for themes ([Table 3](#t3-amep-9-739){ref-type="table"}). In response to the question "What do you like most about sessions led by a scientist--clinician pair?", the leading theme was the connection between basic and clinical sciences. For example, one student commented as follows: "Basic science and clinical application are fluid, not discrete. I very much enjoy the way basic science applies to clinical scenarios and I like the details and logistics provided by the clinician. It gives a truly holistic view of the patient-disease interaction."

An unexpected theme that emerged was the appreciation of being able to ask questions about a wider range of topics when two experts led a session. Additional themes and example comments that emerged when analyzing the responses to this question are shown in [Table 3](#t3-amep-9-739){ref-type="table"}.

On the contrary, when asked what students liked least about co-taught sessions, the majority of responses noted that sessions could be disjointed or distracting, depending on the dynamics between instructors and session organization. This is exemplified by the following comment: "These sessions require a lot of coordination and clarity of roles between the pair in order to be effective. This was not always the case, creating a bit of distraction at times."

This was echoed when students were asked if they would like more co-taught sessions. Although not all students responded to this open-ended question, among those who did, most stated they would like more (66%, n=29), or that the number of sessions was appropriate (11%, n=5). About a quarter of respondents (23%, n=10) indicated they would prefer fewer co-taught sessions. Interestingly, even among those who responded positively, this was often conditional, noting co-teaching "requires a good dynamic between the scientist and clinician" ([Table 3](#t3-amep-9-739){ref-type="table"}).

Finally, we sought to determine if these student impressions were reflected in summative examinations for the course. Thus, estimates of student ability (θ) from co-taught and solo-taught session exams were compared ([Figure 2](#f2-amep-9-739){ref-type="fig"}). Student ability, θ, ranges from −3.00 to +3.00, with average ability equal to zero. The results of a paired-sample *t*-test showed student ability was significantly above zero when tested for content covered in co-taught sessions (M=0.40, SD=0.81, n=98 in 2015 and M=0.54, SD=1.05, n=99 in 2016). This compares to student ability as determined by performance on questions derived from solo-taught sessions, which were at or close to zero (M=0.01, SD=0.99, n=98 in 2015 and M=0.00, SD=1.14, n=99 in 2016; *t*(186.94)=3.14, *p*\<0.01 in 2015 and *t*(195.1)=3.89, *p*\<0.01 in 2016).The estimates of θ of two sections were moderately related (*r*(98)=0.32, *p*\<0.05 in 2015 and *r*(99)=0.36, *p*\<0.05 in 2016).

Discussion
==========

In developing the microbiology/infectious disease portion of the IE course, the course directors were challenged by Zucker SOM guiding curricular principles that stress (1) the integration of basic and clinical sciences and (2) the value of "conceptual knowledge in action, not memorizing facts". The latter aligns with recommendations of the Infectious Disease Society of America, but is contrary to how microbiology/infectious disease is taught at many institutions.[@b31-amep-9-739] Although it is undeniable that microbiology/infectious disease requires memorization, we sought to shift the burden of rote memorization to "meaningful memorization", which contributes to deep learning.[@b32-amep-9-739] We began by constructing a course that started with three weeks of fundamental principles delivered in solo-taught basic science sessions. This was followed by four weeks of systems-based application of those principles through the use of co-taught sessions that embedded additional basic science in the context of clinical cases. This not only eliminated the so-called "bug parade", but our data also suggest that students better appreciated the connection between the basic and clinical sciences.

The goal of our interactive co-teaching approach was to employ guided inquiry so that students could construct and scaffold learning while solving authentic clinical questions. We believe the organizational structure of our co-teaching sessions satisfied the four essential elements of constructivism.[@b9-amep-9-739] Specifically, co-teaching faculty coached students to solve clinical problems while incorporating new content by starting with what they knew about a patient presenting with a specific condition (e.g., cough) and layering upon this new concepts (e.g., clinical presentation of atypical pneumonia). Basic science was woven into each case as a means of explaining "the why" of clinical presentation and providing a rationale for antibiotic selection. The social aspects of learning specific to co-teaching sessions included student--faculty interactions, interaction among students, and interaction between the two faculty presenters.

Survey results revealed that students were very positive about co-taught sessions overall. Interestingly, although they considered co-teaching to be more effective in helping them understand clinical science and the connection between clinical and basic sciences, a plurality of students either agreed or strongly agreed that they understood basic science best when solo-taught by a scientist. We postulate at least two reasons for this: first, although there were nine basic science sessions solo-taught by scientists with some clinical correlates, no strictly clinical sessions were held in this course. Therefore, students might feel just as strongly about solo-clinician-led sessions if the content were exclusively clinical. We also suspect that this preference may, in part, reflect student perception that basic science is more difficult and/or less familiar than clinical science. Reasons for this reported difference need further exploration.

Another important finding was the degree to which students agreed that co-taught sessions were more engaging than solo-taught sessions ([Figure 1](#f1-amep-9-739){ref-type="fig"}). This is particularly interesting because both solo- and co-taught sessions used Socratic questioning techniques designed to engage students (i.e., targeted questioning, follow-up questioning, and connection questions).[@b6-amep-9-739],[@b28-amep-9-739] This suggests student engagement had more to do with the integration of content and the social context of learning, rather than the use of Socratic questioning per se. Our co-teaching approach used carefully constructed model cases for student decision-making that required students to analyze clinical data and practice their reasoning skills, which was often done in impromptu small groups. As co-teachers, we also modeled interactions between a clinician and a scientist when evaluating a patient's presentation and making clinical decisions, for example, in explaining the progression of a particular sign or symptom or the selection of a specific antibiotic, respectively. Student-centered active learning has become a goal for medical educators and a requirement of the Liaison Committee on Medical Education.[@b6-amep-9-739] In response, many institutions have adopted the flipped classroom model,[@b33-amep-9-739]--[@b35-amep-9-739] some with mixed success.[@b36-amep-9-739] Our results suggest that co-teaching may be another effective means to engage students in active learning.

Lessons learned
---------------

As one student stated, interactive co-teaching "seems like such an obvious thing to do" in an integrated curriculum, yet we could find scant evidence of its adoption in the UME literature. Our results suggest this is a valid and potentially valuable pedagogy to advance UME content integration as well as student learning. However, students accurately perceive that organization and collaboration between co-teachers is requisite for successful execution. In this regard, many of our students' comments regarding the nature of interaction between the two co-teachers echo those reported by Crow and Smith[@b13-amep-9-739] in teaching allied health students. Our experience in developing and delivering interactive co-taught sessions provides the opportunity to share lessons we learned about this pedagogy, which we present in the following sections.

### Collaboration

A basic scientist and a clinician must share the same vision for the session and work productively together to accomplish mutually agreeable goals and learning objectives. As Tra and Evans[@b19-amep-9-739] point out, co-teachers need to develop and maintain good communication, strive to understand the other's point of view, and respect each other's expertise, which can lead to new insights for both the faculty and students.

### Time

Preparation of co-taught sessions requires a significant investment in time that exceeds that needed for solo-taught sessions. As one student noted, more co-taught sessions are valuable "only if practiced beforehand".

### Willingness to focus content

Both the clinician and scientist must realize that co-teaching in UME requires a level of focus that may be absent when solo-teaching. Both instructors must be cognizant of the specific learning objectives and avoid inserting tangential information.

### Sharing the stage

Co-teaching is humbling; the basic scientist and clinician must be able to respect each other's time in front of students and accept the limits of their own expertise.

### Reflection and revision

Like most pedagogical endeavors, each time a session is co-taught it provides an opportunity for improvement. Student evaluations as well as candid discussion between co-instructors should be used to modify the session if it is to be presented again.

Limitations
-----------

Our findings are limited in that they report student perception and outcomes of two final exams from a single course at one institution. Because only one course was investigated, the number of instructors was limited. In addition, co-teaching microbiology/infectious disease may offer a different set of challenges and opportunities for interactive co-teaching when compared to other disciplines. The latter limitation will be addressed at Zucker SOM as we introduce co-teaching to other courses.

Conclusion
==========

Like many other medical schools, Zucker SOM is committed to an integrated curriculum. Here, we describe one strategy that can contribute to reaching this challenging goal at the session level. Our results suggest that the delivery of basic and clinical sciences in the same session by two content experts addresses two important goals of integration: increased comprehension and application of content. In addition to content integration, we found that interactive co-teaching can enrich the learning environment by engaging students in the elements of knowledge construction through dialogue, disagreement, and consideration of alternative perspectives. Indeed, when instructors converse and listen to each other and students, they become model learners[@b37-amep-9-739] in a way that is impossible for the solo-teacher. Finally, our students report that it is easier to apply co-taught content, thereby addressing the tenet first espoused by Knowles[@b11-amep-9-739] that adults learn best when the relevance of information is reinforced by its immediate application. Given the call for curricular reform in terms of content integration and more active pedagogy, we encourage more institutions to experiment with co-teaching and we invite discussion regarding their experiences.

Supplementary materials
=======================

###### 

Faculty evaluation.

###### 

Shared teaching survey.

###### 

Evaluation of teaching performance

  Group   Instructor     Mean rank of evaluation item                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  ------- -------------- --------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------- --------- --------
  Solo    Clinician X    83.09                                                                                         98.20                                                                                                                                     99.73                                                                                         87.23                                                                                         88.48                                                                                        97.64     84.59
          Clinician Y    91.21                                                                                         79.39                                                                                                                                     83.04                                                                                         92.79                                                                                         95.07                                                                                        92.29     98.05
          Clinician Z    91.21                                                                                         79.39                                                                                                                                     83.04                                                                                         92.79                                                                                         95.07                                                                                        92.29     98.05
          Scientist A    114.34                                                                                        118.54                                                                                                                                    121.50                                                                                        115.39                                                                                        120.73                                                                                       120.55    111.54
          Scientist B    120.66                                                                                        117.84                                                                                                                                    110.08                                                                                        123.21                                                                                        121.13                                                                                       106.52    117.84
  Co      Co-teacher A   104.69                                                                                        105.61                                                                                                                                    104.19                                                                                        101.34                                                                                        96.26                                                                                        106.15    105.23
          Co-teacher W   112.68                                                                                        118.50                                                                                                                                    117.03                                                                                        105.95                                                                                        103.03                                                                                       104.68    103.79
  MW      Co vs. Solo    4080.50                                                                                       3871.50                                                                                                                                   3961.00                                                                                       4393.00                                                                                       4225.00                                                                                      4283.50   4339.5
          Three groups   11.50[\*](#tfn9-amep-9-739){ref-type="table-fn"}[b](#tfn12-amep-9-739){ref-type="table-fn"}   14.63[\*](#tfn9-amep-9-739){ref-type="table-fn"}[b](#tfn12-amep-9-739){ref-type="table-fn"},[c](#tfn13-amep-9-739){ref-type="table-fn"}   10.08[\*](#tfn9-amep-9-739){ref-type="table-fn"}[b](#tfn12-amep-9-739){ref-type="table-fn"}   10.53[\*](#tfn9-amep-9-739){ref-type="table-fn"}[b](#tfn12-amep-9-739){ref-type="table-fn"}   9.96[\*](#tfn9-amep-9-739){ref-type="table-fn"}[b](#tfn12-amep-9-739){ref-type="table-fn"}   4.61      5.70
          Overall        12.50                                                                                         17.69[\*\*](#tfn10-amep-9-739){ref-type="table-fn"}                                                                                       13.31[\*\*](#tfn10-amep-9-739){ref-type="table-fn"}                                           11.20                                                                                         10.49                                                                                        5.83      7.13

**Notes:** MW, Mann--Whitney *U*-test for co-teaching vs. solo-teaching comparison. χ^2^ =Kruskal--Wallis test for overall comparisons. Post hoc Mann--Whitney *U*-test with Bonferroni correction was conducted revealing that no instructor-by-instructor comparisons were significantly different.

*p*\<0.05.

*p*\<0.05.

Post hoc: scientist vs. co-teaching comparison, adjusted *p*\<0.05 in pair-wise MW.

Post hoc: scientist vs. clinician comparison, adjusted *p*\<0.05 in pair-wise MW.

Post hoc: clinician vs. co-teaching comparison, adjusted *p*\<0.05 in pair-wise MW.
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![Comparison of attitudes toward solo- and co-teaching (response rate=62%, n=122).](amep-9-739Fig1){#f1-amep-9-739}

![Comparison of equated and scaled exam score by teaching type.\
**Notes:** ^\*^statistical significance, *p*-value \<0.05.](amep-9-739Fig2){#f2-amep-9-739}

###### 

Solo- and co-teaching faculty

  Basic scientists   No. of solo- taught sessions   Clinicians   No. of solo-taught sessions   Co-teaching faculty pairs   No. of co-taught sessions
  ------------------ ------------------------------ ------------ ----------------------------- --------------------------- ---------------------------
  Prof A             7                              Prof W       0                             Profs A and W               6
  Prof B             2                              Prof X       2                                                         
                                                    Prof Y       1                             Profs A and Y               1
                                                    Prof Z       1                                                         

**Notes:** Prof A is a PhD microbiologist. Prof B is a PhD immunologist. Prof W is an emergency medicine physician. Profs X, Y, and Z are infectious disease physicians.

###### 

Mean rank comparison of co-teaching and solo-teaching

  Question                                                                                                                                                         Mean rank   χ^2^     MW                                                           
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------- -------- -------- --------------------------------------------------- ----------------------------------------------------
  Overall learning experience[a](#tfn4-amep-9-739){ref-type="table-fn"},[b](#tfn5-amep-9-739){ref-type="table-fn"},[c](#tfn6-amep-9-739){ref-type="table-fn"}      248.28      166.33   125.18   92.11[\*](#tfn3-amep-9-739){ref-type="table-fn"}    583.00[\*](#tfn3-amep-9-739){ref-type="table-fn"}
  Understanding basic science[b](#tfn5-amep-9-739){ref-type="table-fn"},[c](#tfn6-amep-9-739){ref-type="table-fn"}                                                 109.70      118.23   56.08    49.90[\*](#tfn3-amep-9-739){ref-type="table-fn"}    1081.50[\*](#tfn3-amep-9-739){ref-type="table-fn"}
  Understanding clinical science[a](#tfn4-amep-9-739){ref-type="table-fn"},[b](#tfn5-amep-9-739){ref-type="table-fn"},[c](#tfn6-amep-9-739){ref-type="table-fn"}   128.45      62.78    97.73    46.95[\*](#tfn3-amep-9-739){ref-type="table-fn"}    680.00[\*](#tfn3-amep-9-739){ref-type="table-fn"}
  Understanding the connection[a](#tfn4-amep-9-739){ref-type="table-fn"},[c](#tfn6-amep-9-739){ref-type="table-fn"}                                                257.95      150.18   131.42   109.31[\*](#tfn3-amep-9-739){ref-type="table-fn"}   407.00[\*](#tfn3-amep-9-739){ref-type="table-fn"}
  Remaining engaged[a](#tfn4-amep-9-739){ref-type="table-fn"},[c](#tfn6-amep-9-739){ref-type="table-fn"}                                                           213.74      147.01   133.36   47.52[\*](#tfn3-amep-9-739){ref-type="table-fn"}    643.50[\*](#tfn3-amep-9-739){ref-type="table-fn"}
  Retaining content[a](#tfn4-amep-9-739){ref-type="table-fn"},[c](#tfn6-amep-9-739){ref-type="table-fn"}                                                           217.75      152.08   137.80   45.84[\*](#tfn3-amep-9-739){ref-type="table-fn"}    645.00[\*](#tfn3-amep-9-739){ref-type="table-fn"}
  Applying content[a](#tfn4-amep-9-739){ref-type="table-fn"},[b](#tfn5-amep-9-739){ref-type="table-fn"},[c](#tfn6-amep-9-739){ref-type="table-fn"}                 223.61      125.58   152.16   65.45[\*](#tfn3-amep-9-739){ref-type="table-fn"}    509.50[\*](#tfn3-amep-9-739){ref-type="table-fn"}

**Notes:**χ^2^, Kruskal--Wallis test for three-group comparison. MW, Mann--Whitney *U*-test for co-teaching vs. solo-teaching comparison.

*p*\<0.01.

Post hoc: scientist vs. co-teaching comparison, *p*\<0.01 in pair-wise Mann--Whitney *U*-test.

Post hoc: scientist vs. clinician comparison, *p*\<0.01 in pair-wise Mann--Whitney *U*-test.

Post hoc: clinician vs. co-teaching comparison, *p*\<0.01 in pair-wise Mann--Whitney *U*-test.

###### 

Themes from survey of students

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  What do you like most about sessions led by a scientist--clinician vbpair?
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Context and holistic picture makes connections between basic sciences and clinical application more obvious

   I liked how the clinical and the basic science aligned right there and then, and the connections were quite obvious.\
   These sessions really helped me to see the bigger picture of microbiology; it's more than just memorizing what bug and what drug, and these paired sessions gave a holistic picture! The thing I liked the most was how everything that was presented during these sessions was additive; Dr. X would say one thing, and Dr. A would add something else that built upon the last thing to give us multiple perspectives.[1](#tfn7-amep-9-739){ref-type="table-fn"}

  Instructor team dynamics

   I liked how each wasn't afraid to correct the other mid-lecture \[...\] I felt like I was always getting the right and relevant information.\
   I liked their camaraderie and ability to give details on each other's sessions.

  More engaging and thought provoking

   My favorite sessions in Interacting with the Environment (IE) Part 2 were the Approach To sessions that were led by a scientist--clinician pair because they were engaging, thought-provoking, and well-organized. I liked how the sessions were organized according to the patient's chief symptom and how the powerpoint slides were organized based on going through a differential diagnosis with clinical cases. I loved how slides about the basic science of microorganisms were included right after their related clinical slides because this really helped me to retain information about certain bugs and why it all mattered.\
   It is much more engaging to hear two expert voices that trade off rather than one voice that can get repetitive and cause students to lose interest. The constant dual interaction and switching off not only kept me more engaged, but I truly appreciated the assisting/playing off of one another's expertise to help explain disease processes from both lens\[sic\]. I think this combination was 1. much more engaging; 2. much more thorough; 3. helped me retain more information.

  Improves learning in terms of retention and/or provides a better understanding

   The connections that exist between clinical and basic science help cement knowledge in my memory, and often these were pointed out because of the pairing.\
   Presence of both clinician and basic scientist is more efficient, can ask wider variety of questions.\
   The interaction between the presenters increased the levity of the session and it was nice to have experts in their fields be able to answer all questions.

  **What do you like least about sessions led by a scientist--clinician pair?**

  Presentation is disjointed or distracting

   Bouncing back and forth between the scientist and clinician can be somewhat distracting to the flow of the lecture.\
   I guess it can be a bit of whiplash between the two lecturers, but it honestly did not matter that much in my learning.\
   It is sometimes difficult to focus on both clinical and basic science learning within one lecture. Sometimes it is nice to compartmentalize.

  Lack of clarity of roles of each instructor

   There sometimes seemed to be a lack of communication between the two -- like one person wasn't always completely clear as to what the other would cover.\
   I think sometimes they were a little unorganized and seemed to veer off topic*.*

  Amount of information makes prioritizing content difficult despite stated goals of session

   There was an almost overwhelming amount of information when both the basic science and the clinical are taught together.\
   Sometimes it is overwhelming to learn about both the basic science of the microorganism and the clinical.
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

[@b1-amep-9-739]**Note:** Names of faculty changed for publication purposes.
